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Abstract 
The Effect of Various Cations on Gum  
Arabic Viscosity 
 
 The objectives of this study were to investigate the effect of 
location (Kordofan and Gadarif) and species (Acacia senegal and 
Acacia seyal ) on gum properties, and to study the effect of the addition 
of salts and cations on the viscosity of gum.  
Authentic Acacia senegal and Acacia seyal gum samples were 
collected from Kordofan and Gadarif areas.  The physical and chemical 
properties of gum samples were determined according to the standard 
methods recommended by the Association of Agricultural Chemists 
(AOAC) and Food and Agriculture Organization (FAO).  Analysis of 
variance and Duncan,s Multiple Range Test were used to study the 
significance of differences in physical and chemical properties between 
locations and species.  Regression analysis was used to study the 
relationship between the amounts of added salts and cations on gum 
viscosity.  
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The results indicate that location has no significant effect on all 
gum properties (moisture content, ash content, pH, optical rotation, 
viscosity and mineral content) of A. senegal and A. seyal.  Significant 
differences were found in all gum properties between the two species.  
Most of the physicochemical parameters are within the specification 
reported by the FAO/WHO (JECFA) for gum arabic. 
The effect of salts addition on gum arabic viscosity was 
determined by adding different amounts of salt to gum solution of 25% 
concentration.  The addition of salts decreased the viscosity of both A. 
senegal and A. seyal gum exudates.  
 To determine the effect of the addition of cations on the viscosity 
of gum arabic, Arabic acid and seyalic acid were obtained from A. 
senegal and A. seyal  gum exudates, respectively, by cation exchange 
method.  The results reveal that increasing the added amounts of 
monovalent cations increases the viscosity of both Arabic acid and 
seyalic acid, while increasing the added amounts of the divalent cations 
decreases the viscosity.  
The data also show that potassium arabate has the highest 
viscosity followed by sodium arabate.  Arabic acid has a lower 
viscosity than the gum but higher than calcium and magnesium arabate.  
Similar results were obtained in A. seyal derivatives.  
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 اﻟﻤﻠﺨﺺ
 ﺗﺄﺛﻴﺮ اﻟﻜﺘﻴﻮﻧﺎت ﻋﻠﻰ ﻟﺰوﺟﺔ اﻟﺼﻤﻎ اﻟﻌﺮﺑﻲ
ﺗﻬﺪف اﻟﺪراﺳﺔ إﻟﻰ  ﻣﻌﺮﻓﺔ ﺗѧﺄﺛﻴﺮ إﺧѧﺘﻼف اﻟﻤﻨѧﺎﻃﻖ واﻷﻧѧﻮاع ﻋﻠѧﻰ اﻟﺨѧﺼﺎﺋﺺ اﻟﻜﻴﻤﻴﺎﺋﻴѧﺔ واﻟﻔﻴﺰﻳﺎﺋﻴѧﺔ 
 .ﻧﺎت ﻋﻠﻰ ﻟﺰوﺟﺔ اﻟﺼﻤﻎ اﻟﻌﺮﺑﻲﻟﻠﺼﻤﻎ اﻟﻌﺮﺑﻲ، آﻤﺎ ﺗﻬﺪف إﻟﻰ ﻣﻌﺮﻓﺔ ﺗﺄﺛﻴﺮ إﺿﺎﻓﺔ اﻷﻣﻼح واﻟﻜﺘﻴﻮ
ﺗѧﻢ ﺟﻤѧﻊ ﻋﻴﻨѧﺎت ﻣѧﻦ ﺻѧﻤﻐﻲ اﻟﻬѧﺸﺎب واﻟﻄﻠѧﺢ ﻣѧﻦ ﻣﻨﻄﻘﺘѧﻲ آﺮدﻓѧﺎن واﻟﻘѧﻀﺎرف ، ﺗﻘѧﺪﻳﺮ اﻟﺨѧﺼﺎﺋﺺ 
أﺳѧﺘﺨﺪم . اﻟﻔﻴﺰﻳﺎﺋﻴﺔ واﻟﻜﻴﻤﻴﺎﺋﻴﺔ ﻟﻬﺬﻩ اﻟﻌﻴﻨﺎت ﺗﻢ ﺑﻨﺎءًا ًﻋﻠѧﻰ اﻟﻄѧﺮق اﻟﻘﻴﺎﺳѧﻴﺔ ﻟﻤﻨﻈﻤѧﺔ اﻟﺰراﻋѧﺔ  واﻷﻏﺬﻳѧﺔ اﻟﻌﺎﻟﻤﻴѧﺔ 
ﻔﺮوﻗѧﺎت اﻟﻤﻌﻨﻮﻳѧﺔ ﻟﻠﺨѧﺼﺎﺋﺺ اﻟﻔﻴﺰﻳﺎﺋﻴѧﺔ  واﻟﻜﻴﻤﻴﺎﺋﻴѧﺔ ﺑѧﻴﻦ اﻟﻤﻨѧﺎﻃﻖ  ﻧﻈﺎم ﺗﺤﻠﻴﻞ اﻟﺘﺒﺎﻳﻦ  وإﺧﺘﺒﺎر دﻧﻜﻦ ﻟﺪراﺳﺔ اﻟ 
 .واﻷﺻﻨﺎف، آﻤﺎ ﺗﻤﺖ دراﺳﺔ اﻟﻌﻼﻗﺔ ﺑﻴﻦ اﻟﻜﻤﻴﺎت اﻟﻤﻀﺎﻓﺔ ﻣﻦ اﻟﻤﻠﺢ أو اﻟﻜﺘﻴﻮن  وﻟﺰوﺟﺔ اﻟﺼﻤﻎ اﻟﻌﺮﺑﻲ
أﺷﺎرت اﻟﻨﺘﺎﺋﺞ إﻟﻲ أن اﻟﻤﻨﺎﻃﻖ ﻟѧﻴﺲ ﻟﻬѧﺎ ﺗѧﺄﺛﻴﺮ ﻣﻌﻨѧﻮي ﻋﻠѧﻰ آѧﻞ ﺧѧﺼﺎﺋﺺ ﺻѧﻤﻐﻲ اﻟﻬѧﺸﺎب واﻟﻄﻠѧﺢ 
 ،ﻣﺤﺘﻮى اﻟﺮﻣﺎد، اﻟﺪوران اﻟﻨﻮﻋﻰ، اﻟﻠﺰوﺟﺔ واﻟﻨﺴﺒﺔ اﻟﻤﺌﻮﻳﺔ ﻟﻠﻌﻨﺎﺻﺮ ﻣﺤﺘﻮي اﻟﻌﻨﺎﺻѧﺮ Hpاﻟﺮﻃﻮﺑﺔ اﻟﻨﺴﺒﻴﺔ، )
 ( .ﺑﺼﻤﻐﻲ اﻟﻬﺸﺎب واﻟﻄﻠﺢ 
ﻟﺪراﺳﺔ ﺗﺄﺛﻴﺮ اﻷﻣﻼح ﻋﻠѧﻰ ﻟﺰوﺟѧﺔ اﻟѧﺼﻤﻎ اﻟﻌﺮﺑѧﻲ، ﺗѧﻢ إﺿѧﺎﻓﺔ آﻤﻴѧﺎت ﻣﺨﺘﻠﻔѧﺔ ﻣѧﻦ ﻋѧﺪة أﻣѧﻼح ﻋﻠѧﻰ 
 .ب و اﻟﻄﻠﺢ، ووﺟﺪ أن ﺟﻤﻴﻊ اﻷﻣﻼح ﺗﻘﻠﻞ ﻣﻦ اﻟﻠﺰوﺟﺔ ﻟﺼﻤﻐﻲ اﻟﻬﺸﺎ%52ﻣﺤﻠﻮل ﺻﻤﻎ ﺑﺘﺮآﻴﺰ 
أﻳﻀًﺎ ﻟﻤﻌﺮﻓﺔ ﺗﺄﺛﻴﺮ اﻟﻜﺘﻴﻮﻧﺎت ﻋﻠﻰ ﻟﺰوﺟﺔ اﻟﺼﻤﻎ اﻟﻌﺮﺑﻲ، ﺗﻢ ﺗﺤﻀﻴﺮ اﻟﺤﻤﺾ اﻟﻌﺮﺑﻲ ﻟﻠﺼﻤﻐﻴﻦ، ﺛѧﻢ 
، ووﺟѧﺪ أن اﻟﻜﺘﻴﻮﻧѧﺎت أﺣﺎدﻳѧﺔ %52أﺿѧﻴﻔﺖ آﻤﻴѧﺎت ﻣﺨﺘﻠﻔѧﺔ ﻣѧﻦ ﻋѧﺪة آﺘﻴﻮﻧѧﺎت ﻋﻠѧﻰ ﻣﺤﻠѧﻮل اﻟﺤﻤѧﺾ ﺑﺘﺮآﻴѧﺰ 
ﺋﻴﺔ اﻟﺘﻜﺎﻓﺆ ﺗﻘﻠﻞ ﻣﻦ اﻟﻠﺰوﺟﺔ ﻟѧﺼﻤﻐﻲ اﻟﺘﻜﺎﻓﺆ ﺗﺮﻓﻊ اﻟﻠﺰوﺟﺔ ﻣﻊ زﻳﺎدة ﻧﺴﺒﺔ اﻟﻜﺘﻴﻮن اﻟﻤﻀﺎﻓﺔ، ﺑﻴﻨﻤﺎ اﻟﻜﺘﻴﻮﻧﺎت ﺛﻨﺎ 
 .اﻟﻬﺸﺎب واﻟﻄﻠﺢ
أﺷѧﺎرت اﻟﻨﺘѧﺎﺋﺞ أﻳѧﻀﺎ إﻟѧﻰ أن أﻋﻠѧﻰ ﻟﺰوﺟѧﺔ ﻧﺘﺠѧﺖ ﻣѧﻦ إﺿѧﺎﻓﺔ اﻟﺒﻮﺗﺎﺳѧﻴﻮم إﻟѧﻲ اﻟﺤﻤѧﺾ اﻟﻌﺮﺑѧﻲ ﻳﻠﻴѧﻪ 
اﻟﺼﻮدﻳﻮم، واﻟﺤﻤﺾ اﻟﻌﺮﺑﻲ ﻳﻌﻄﻰ ﻟﺰوﺟﺔ أﻗﻞ ﻣﻦ ﻟﺰوﺟﺔ اﻟﺼﻤﻎ إﻻ أﻧﻬѧﺎ أﻋﻠѧﻰ ﻣѧﻦ ﻟﺰوﺟѧﺔ اﻟﺤﻤѧﺾ اﻟﻌﺮﺑѧﻲ 
 .ﺻﻤﻎ اﻟﻄﻠﺢ أﻋﻄﻰ ﻧﺘﺎﺋﺞ ﻣﺸﺎﺑﻪ.  ﻣﻀﺎﻓﺎ إﻟﻴﻪ اﻟﻜﺎﻟﺴﻴﻮم واﻟﻤﺎﻏﻨﻴﺰﻳﻮم
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Chapter One 
Introduction 
 
 Gum arabic is natural exudates obtained from Acacia senegal.  It 
was known since about 5000 years (Pharonic civilization) of Egypt as 
an article of commerce, when it was used on a large scale for 
watercolors, dyes, cosmetics and in the process of mummification.  
Gum arabic uses were increased during the 19th century due to 
industrial development and the increase of population in Europe. 
 The physical and chemical properties of gum arabic, such as 
rheological behavior, response to electrolytes, compatibility and several 
others, render it to be suitable for a wide range of industred 
applications, such as foods, pharmaceuticals; cosmetics and other 
minor uses. 
 Gum viscosity is considered as one of the most important 
analytical and commercial parameters in defining gum value, since it is 
a factor involving the size and the shape of the macromolecule and 
hence the molecular weight characteristic of the molecule.  The 
 17
definition of the viscosity of a liquid is the resistance to flow.  It is the 
manifestation of the frictional effect due to the passage of any layer of 
liquid over another. 
 This viscosity effect of gums in food products is, in turn, 
responsible for other frictional effects such as the suspension of solid 
particles, the emulsification of oil and water phases, the stabilization of 
liquid-solid-gas phases, the dispersion of solid and liquid phases and 
related phenomena. 
 The viscosity of hydrocolloid systems are affected by many 
factors.  Ostwald (1922) in his study of colloids listed ten factors that 
cause variations in the viscosity of hydrophilic systems. These are  
Concentration, temperature, degree of dispersion, solvation, 
electrical charge, previous thermal treatment, previous mechanical 
treatment, presence or absence of other lyophilic colloids, age of the 
lyophilic sol, presence of both electrolytes and non electrolytes in 
addition to other factors related to the trees eg. age of the tree, type of 
soil and climate.  
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The Objectives of this study are: 
1- To study the effect of location and species on physical and 
chemical properties of Acacia senegal and Acacia seyal gum 
arabic. 
 
2- To study the effect of the addition of salts to gum arabic 
viscosity. 
 
3- To study the effect of the addition of monovalent and divalent 
metal cations on gum arabic viscosity. 
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Chapter two 
Literature Review 
 
The most important tree exudates are gum arabic, Tragacanth, 
Karaya, and Gatti (Seif Eldin 1982).  Gum exuding trees, from various 
species, are most commonly found in the sahelian zone of Africa and 
the desert regions of India, Australia, America, and parts of Asia. 
Gum arabic is also known as Gum Acacia, Turkey Gum, Gum 
Senegal and others local names.  It is obtained from Acacia senegal (L) 
Willd., a predominant species from the genus Acacia, family 
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Mimosoideae, order Leguminosae (Glicksman 1969).  El Amin (1990) 
has distinguished 30 Acacia spp endigenous to Sudan.   
The species has a wide distribution in Africa in a belt that 
extends from Mauritania, Senegal and Mali in the west through Burkina  
Faso, North Central Africa, Sudan, Eritrea, Ethiopia and Somalia in the 
Horn of Africa.  The species are also found in Southern Angola, 
Namibia, Zimbabwe, Botswana, South Africa and part of Mozambique 
(Hassan 2000).  At least 85% of the world’s gum arabic is produced in 
the Sudan (Anderson et al. 1983).   
Gum Arabic Producing Species 
 Acacia senegal and Acacia seyal, they are  known as the main 
source of gum arabic of commerce.  The two species account for up to 
95% of total gum production.  A brief account on the two species is 
given in the following sections:  
Acacia senegal 
Acacia senegal (or Hashab) tree is about 2-12 m (15 to 20 ft) 
high (Elamin 1990), usually 4.6 to 6 m high in mature stage.  It grows 
in poor sandy soil, the colour of which is caused by the presence of 
substantial amounts of iron.  In the Sudan, A. senegal var senegal 
grows in various environments ranging from semi-desert with under 
100 mm rain fall to the fringies of the moist savana with up to 900 mm 
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rain fall and soils ranging from light sand to heavy clays.  It is found in 
pure stands or in mixture with other species (Smith 1949; Vidal–Hall 
1963; Seif El Din 1969).  The species is also found in a belt (Figure 1) 
that extends in Southern Gadarif, East of the River Dinder, the plains 
between the River Dinder and the Blue Nile, East of Malakal, South of 
Khor Abu Habil in Kordofan and West of the Nuba Mountains through 
Darfur (Andrews 1948). 
Gum may exude naturally from wounds that may arise from 
wind damage, attack by termites and beetles or by grazing animals. 
Commercially it is obtained by a process known as “tapping” whereby 
the branches or bark in different parts are cut using a small axe to break 
the outer bark horizontally by making a shallow cut about 3.8 cm (~1.5 
in) wide.  The bark is stripped away to form 0.6 to 1.0 m (2 to 3 ft) long 
wounds (Awouda 1974).  
Gum exudation begins within 3 to 6 weeks depending on weather 
conditions.  The gum dies into droplets of clear viscid liquid that slowly 
grow to form gum nodules (2 to 5 cm in diameter), which is then 
manually collected.  The production season starts from October to 
November, which is called the first tapping; December to April is the 
second tapping.  The yield from each tree rarely exceeds 300 to 450 g 
per harvest (Sief El Din 2000).  
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Acacia seyal 
  Acacia seyal (or Talh) tree is a small to medium sized tree of up 
to 17 m height, with an umbrella shaped crown that is often flat–
topped.  The main stem and branches are covered with a rusty–red to 
creamy yellow powder that conceals a bright green smooth bark (Sief 
El Din 2000).  
There are two varities of the species, namely, Acacia seyal var 
seyal and Acacia seyal var fistula.   A. seyal var seyal is present on 
different soil types but it prefers dark clay soils.  In Sudan, it has a wide  
 
geographical distribution; it extends from the desert to the moist savana 
with over 800 mm of rainfall.  In the desert areas the species is 
restricted to the wettest sites, such as riverbanks.  A. seyal var fistula, is 
rare in areas west of River Nile (El Amin 1973). 
Acacia seyal trees are not tapped, the gum is produced from 
cracks or wounds caused by drought, fire, insects or, rarely, by man on 
naturally growing trees.  The gum is collected mainly by the nomadic 
herders or by itinerant gum collectors (Sief El Din 1998).  
The gum from A. seyal tree have a white to pale, yellowish 
brown nodules and lumps are dark–red to dark brown in colour. Gum 
production begins in February to April when the weather is sufficiently 
warm and dry to induce gum yield. 
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Gum Formation 
There are different theories that explain the reason for gum 
exudation.  Blunt (1926) reported that gum exudation is attributed to 
bacterial action.  In 1962 he reported that the tree produces gums when 
it is in an unhealthy condition or due to adverse environmental 
condition such as shortage of soil moisture or nutrition.  Anderson and 
Weiping (1994) suggested that the gum is formed by natural 
physiological processes within the tree, and it comes out under stresses 
due to water depletion or excessive heat.  Smith and Montogemry 
(1959) considered that trees produce gum to seal the wounds caused by 
insects or animals, also as a result of infection of the plant by 
microorganisms.  Local producers believe that gum exudate is caused 
by a certain insect locally named “Garraha”.  But until now the real 
reason of gum formation is still unknown.  
 
Definition and Specification of Gum Arabic 
Gum arabic is used in a wide range of food and non-food 
applications; that requires control by specific definition and 
specification, and consequently, there are many organisation that are 
responsible for meant by that. 
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The three main specifications that are widely used by the 
importers, when importing raw gum arabic, are: moisture content (12% 
to 14%), optical rotation (-25º to -35º) and foreign matter (< 3 to 5%).  
These specifications must be met before exporting is possible.  Also, 
the microbiological count for Salmonella, Escherichia coli and 
Staphylococcus aureus must be negative (FAO 1982).  
Gum arabic was defined by Joint Expert Committee on Food 
Additives (JECFA) as “ the dried exudation obtained from the stems 
and branches of A. senegal (L.) Willd. or related species of Acacia 
(Family: Leguminosae)” (FAO 1986).  Then two important 
specifications were added in 1990, namely, the nitrogen content and 
optical rotation.  The last definition was changed in1990 to include the 
word closely “or closely related species” (Coppen1999).  The same 
specification was mended in 1995, but the words “closely related 
species” were followed by “of Acacia (Fam. Leguminosae)”, also 
JECFA confirm the decision to drop the nitrogen content and optical 
rotation, which is decided in 1990 (Karamalla 1996 and Coppen 1999). 
The official definition in Compendium of Food Additive Specification 
in 1995 of Gum arabic INS 414, E 414 is: 
“Gum arabic is a dried exudation obtained from the stems and 
branches of Acacia senegal (L.) Willd. or closely related species of 
Acacia (family: Leguminosae).  It consists mainly of higher molecular 
 25
weight polysaccharides and their calcium, magnesium and potassium 
salts, which on hydrolysis yield arabinose, glactose, rhamnose and 
glucuronic acid” (Phillips 1997).   
The latest specification was published in 1998; it included A. 
seyal in the definition with A. senegal (Coppen 1999).  This 
specification reads:  “Gum arabic is a dried exudation obtained from 
the stems and branches of Acacia senegal (L.) Willd. or Acacia seyal 
(family: Leguminosae)’’.  This was confirmed by the Codex Committee 
On Food Additives and Contaminants (CCFAC) in March 1999,       
and adopted by the Codex Alimentarius Commission of the FAO/WHO 
at its 23rd session held in June 1999 (Coppen 1999). 
In Europe, approved additives are given an “E-number,, by the 
European Economic Community (ECC); gum Arabic acquires “E 414”  
(Anderson and Weiping 1994).  According to the last specification, A. 
seyal is now recognized as a source of gum arabic in addition to A. 
senegal, thereby it has the same E-number.  Also gum Arabic acquires 
the “AI” (fully acceptable as a food additive) by FAO/WHO Codex 
Alimentarius Commission (Salim 2000).  
 
Safety and Toxicity of Gum Arabic 
O’dell et al. (1957) reported that gum arabic is completely 
digested by guinea pigs.  It is fully absorbed with a caloric equivalent 
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of 4 calories per gram at dietary levels of less than 10% (Shue et al. 
1962). 
The Joint Expert Committee for Food Additives (JEFCA) 
specified gum arabic in 1969 as admissible daily intake (ADI) not 
specified for human consmption (Anderson 1986).  In 1972, the Food 
and Drug Administration (FDA) considered gum arabic as inserted 
material in the industries (Karamalla 1996) and followed that by 
characterizing gum arabic as “generally regarded as safe” (GRAS), 
(FDA 1974).   
Studies of the National Toxicological Program (1980) showed 
that no compouned-related effects were noted on survival or growth of 
microscopic pathogens when groups of rats and mice were fed diets 
containing different percentage of gum arabic.  Also the report of an 
American carcinogenesis bioassay (NIH 1981) indicated that gum does 
not act as a carcinogen in rats and mice of either sex.  In 1982, gum 
arabic was considered as non-toxic by JECFA (Karamalla 1996). 
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Properties of Gum Arabic 
          The most important measurable properties of gum arabic are:  
 
Moisture content  
The moisture content value of A. senegal presented by Karamalla 
(1965), Ishag (1978) and Anderson et al. (1990) ranged from 10% to 
14%.  The mean value of moisture content of A. seyal was given as 
10.5% (Anderson 1966), and 10.78% Salih (1998).  The Joint Expert 
Committee on Food Additives (JECFA) and FAO/WHO set the value 
of moisture content <15% (FAO 1986 and 1990).   
Ash content 
The total ash content of gum arabic (A. senegal) was reported to 
be 3.1% (Anderson 1966), 3.9% (Anderson 1976; Abd Elwahid 1996) 
and 3.6% (Salih 1998). 
 
 
 
Anderson et al. (1968) found that the ash value for samples on 
heavy soil was 3.5% and 3.3% for samples from sandy soil.  Anderson 
et al., (1968) reported that the ash content of A. senegal varied from 
3.27% to 4.63% irrespective of the age of the tree.  Anderson (1983) 
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found that the value of ash content of an authenticated specimen of 
gum Arabic was 3.9%, while that of commercial gum was 4.4%.  
pH-value 
Gum arabic is slightly acidic because of the presence of few free 
carboxyl groups of its constituent acidic residues viz. D-glucuronic acid 
and its 4-O-methyl derivative.  The pH-value of A. senegal was 
reported to be 4.4 (Anderson 1990; Karamalla 1965; Ishag 1977).  A 
range of 3.19 to 5.64 was given by Siddig (1996).  Also pH values for 
A. seyal, the reported ranged between 4.32 (Ishag 1977) and 4.6 
(Anderson 1979; Wahbi 1994).  
Specific rotation 
The specific rotation was considered as the most important 
criterion of purity and identity of gum arabic, because the direction and 
magnitude of the rotation are characteristics of the specific gum. 
Gum arabic differs from other gums of natural origin in its 
property of rotating the plane of polarized light.  In 1990, FAO 
specified that the specific rotation for food grade gum falls in the range 
between -26º to -34º.  Which limit the use of other gums in the food 
and pharmaceutical industries. 
A range of specific rotation value from –27º to –30º was reported 
by Anderson (1968), Osman et al. (1993) and Salih (1998) for A. 
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senegal gum.  The specific rotation for A. seyal gum ranges from +39º 
to +63.9º (Anderson 1986; Salih 1998; Mohamed 2000).   
Grading of Gum Arabic 
Gum arabic is sold into different grades from A. senegal and in 
small quantities from A. seyal.  The classification of gum into different 
grades depends on visual characteristics of the gum nodules i.e colour, 
size, shape....etc.  Osman (1993), reported that the commercial grades 
of gum arabic (A. senegal) according to Gum arabic Company (GAC) 
are as follows: 
• Hand-picked selected: were the best quality pieces of gum was 
selected by hand picking.  
• Cleaned and sifted  
• Cleaned: in this grade the impurities of gum and smaller 
fragment and gum dust are removed.  
• Siftings: this grade consists of the smaller pieces of sieved gum. 
• Gum Dust: this grade is the waste from other grades.  
• Red gum: this grade is the dark red color gum selected by hand. 
 
Processing of Gum Arabic  
  World-wide, gum processing started in 1970 and high standard 
quality gums (microbiologically clean and readily soluble) have been 
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produced.  Before that gum arabic was sold in its natural form after 
being cleaned (Osman 1993). 
 In Sudan, gum processing started in 1993 by Gum arabic 
Company (GAC), it is processed in kibbled form.  The Khartoum Gum 
Arabic Processing Company (GAPC) was the second company to 
process gum arabic; GAPC started in 1994, producing kibbled gum in 
different sizes and mechanical powder (Salim 2000). 
Kibbling 
 Kibbling is a process to produce a small granule of gum of more 
uniform size by using a hammer mill and then screening the large 
cleaned gum nodules.  This type is more preferred by end users because 
it is more easily dissolved in water than raw gum (Osman 1993). 
Mechanical powder  
 In this process either raw or kibbled gum can be used.  They are 
crushed in a swinging hammer mill and thrown against a surrounding 
cylindrical or polyhedron screen; the product is a fine powder having 
the size of the screen apertures.  The disadvantage of this process is that 
the last remain of finely divided foreign matters is difficult to remove 
(Coppen 1999). 
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Spray drying 
 In this process the gum is firstly dissolved in water and then 
filtered or centrifuged to remove impurities of the solution (Coppen 
1999).  To remove the microbial contamination, the solution is 
pasteurized, and then sprayed into fine droplets by atomization strem of 
hot air to promote evaporation of the water (Osman 1993). 
 The gum arabic powder, which is produced by spray drying 
techniques, can be adapted to a wide range of scales (from feed rates of 
a few kilograms per hour to over 100 tones per hour).  This is 
considered as one of its advantages, but the disadvantage of the process 
is that it is an energy-intensive process that increases the cost and the 
requirement for large quantities of pure water (Salim 2000). 
Roller drying 
 This process is similar to spray drying but here the filtration or 
centrifugation of the solution is done in contact with hot rollers.  The 
film of gum left after evaporation of the water is scraped off 
continuously to produce flakes or powder (Coppen 1999). 
 The disadvantage of this process is that the high temperature 
used for heating the roller surface could denature the protein and alter 
the characterization of the gum (Osman 1993).  In spite of that some 
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processors still use this method because the gum produced by roller 
drying is more readily soluble than spray-dried gum. 
 
The Molecular Structure of Gum from Acacia senegal  
Gum arabic is a proteoglycan complex acidic salt (Ca, K, Mg, 
Na) of high molecular weight (Mantel 1954).  The complexity comes 
from the presence of different glycosidic linkages, ring forms and 
degree of polymerization of side–chains.  Recently, peptide linkages 
are found to be present in the gum molecule (Connolly et al. 1987, 
1988).  The autohydrolysis of gum arabic in water gave 34.4% of L-
arabinose and 14.2% of L-rhamnose, and α-D-3-O-D-glactopyranosyl-
L-arabinose and degraded gum arabic.  Further hydrolysis with mineral 
acid produced 42.1 % of D-glactose, 15.5 % of D-glucuronic acid, and 
some 6-O-(B-D-glucobyranosyluronic acid)-D- galatose.  Gum arabic 
from different sources contains the same sugars, but the proportions 
vary greatly (Hirst 1966). 
Gum arabic is a heterogeneous material and may be composed of 
several slightly different molecular species.  Streat et al. (1963) suggest 
that the main structural feature of the molecule is a main chain of B-
glactopyranose units linked through positions 1-3, with side chains of 
1,6-linked glactopyranose units terminating in glucuronic acid or 4-O-
methyl glucuronic acid residues (Figure 1).  
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The molecular weight of A. senegal extracts obtained by the 
viscosity method using the Staudinger constant gave molecular weight 
ranging from 260,000 to 1,160,000 (Anderson and Rahman 1966).  The 
work of Mukherjee and Deb (1962) and Warburton (1966) indicated 
that the molecules have the shape of short stiff, spirals with numerous 
side chains; the main molecule chain has a length varying between 
1050 Å and 2400 Å according to the amount of charge on the molecule.  
Vendvelde and Fenyo (1985) noted that Gum arabic contains a 
high-molecular mass protein-rich fraction arabino glactan protein 
complex and a lower-molecular mass protein-deficient fraction on 
arabino galactan.  Fincher et al. (1983) suggested that the gum from A. 
senegal is an arabinogalactan-protein.  The amino acids hydroxyproline 
and serine are the major constituents of the proteinaceous component of 
the gum.  
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The wattle blossom model 
Fincher et al. (1983) proposed the structure of arabinoglactan-
protein complex of A. senegal gum as a polypeptide backbone 
covalently-linked to a few highly branched polysaccharide units.  
Several experiments were done of the high molecular weight fraction 
arabino glactan protein (AGP) obtained by gel permiation 
chromatography (gpc) followed by physicochemical analysis were 
interpreted in terms of wattle blossom (Connolly et al. 1985).  Randall 
et al. (1989) concluded that the weight average molecular weight 
fraction (AGP) obtained by hydrophopic interaction chromatography 
(hic) is similar to that of the AG fraction.  So the AGP fraction 
consisted five carbohydrate blocks covalently–linked to a polypeptide 
chain consisting of approximately 1600 amino acid residues (Figure 2). 
The twisted hairy rope model 
This type of structure was proposed by Qi et al. (1991) who used 
gpc to fractionate gum arabic to two fraction, namely, a high molecular 
weight glycoprotein (GAGP) and a low molecular weight 
heterogeneous polysaccharide (GAP).  The GAGP fraction is composed 
of 90% of carbohydrate component and 10% protein component.  The 
main backbone is hydroxyproline-rich polypeptide attached with the 
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carbohydrate as small hydroxyproline-polysaccharide substituents 
(Figure 3).  The GAGP fraction has a uniform structure. 
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Arabic Acid 
Properties of Arabic acid 
Arabic Acid is a moderately strong acid with pH ranging from 
2.2 to 2.7 in its aqueous solution; and specific rotation of -27º to -39º in 
water, its ka =2.0 × 10 –4 at 22oC equating it to lactic acid.  The ka value 
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varies according to the concentration, for 5% solution ka = 1× 10 –3.  
and 2× 10 –7 at infinite dilution. It has an equivalent weight of about 
1200. Auto hydrolysis of Arabic acid gave L-arabinose, L-rahmanose, 
3- α-Dglactobyranosyl-L-arabinose and 3-O-B-D-glactose.  Glicksman 
and Sand (1973) noted that pure Arabic acid has a specific optical 
rotation of –27o to –30o in water and a pH of 2.7.  The addition of 
neutral salts lower the solution pH (Mantell 1954; Glicksman and Sand 
1973). 
A higher solution viscosity was obtained from Arabic acid than 
from its salts.  The addition of sodium chloride lowered the viscosity, 
which was further reduced by the addition of calcium chloride or other 
divalent salts (Glicksman and Sand 1973). 
Emulsions prepared with Arabic acid cream rapidly and are not 
stable as those made with its salts.  The emulsifying efficiency action 
decreases by other salts.  Pure Arabic acid is non reducing toward 
Fehling,s solution (Glicksman and Sand 1973).  
 
Preparation of Arabic acid 
There are different methods to prepare Arabic acid : -  
1. Arabic acid can be prepared by dissolving gum arabic in ~ 0.1 N 
hydrochloric acid and precipitated with 4-5 volumes of ethanol. 
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In order to have a pure product, the last step is repeated four 
times.  (Thomas and Murray).   
2. Moorjani and Narwani prepared Arabic acid by electrodialysis in 
cellophane. The product becomes insoluble if dried at 110o 
(Glicksman and Sand 1973).  
3. Schleif and Co-workers prepared Arabic acid by ion exchange 
and they produce fluffy, white, finely subdivided powder by 
spray-drying at 205o..  Wood used the same method to prepare  
arabic acid. Swintosky and Co-workers extend this procedure to 
preparation of other polysaccharidic acids (Glicksman and Sand 
1973).  
4.  The ion exchange procedure was modified by Schweiger (1974) 
as follows: IL (~ 1.5 kg) of Amberlite Ib –120 (H+) resin are 
packed into a glass column.  Then ~ gal of a 7% aqueous gum 
solution is passed through the column followed by distilled 
water. The effluent is collected then spray–dried at 200o, freeze–
dried, or dried by solvent exchange to yield powder having 
0.05% or less ash content.  
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Derivatives of Arabic Acid  
Derivatives of Arabic acid or salts arabate can be prepared by 
several methods.  According to Glicksman and Sand (1973) sodium 
arabate can be prepared:  
• Precipitating the calcium ions in gum arabic solution by adding 
of sodium carbonate and filtering and evaporating the solution.  
• Directly neutralizing an Arabic acid with sodium hydroxide.  
• Titration of Arabic acid with sodium hydroxide solution, and 
then spray drying the solution at 205º. 
  
Gum Arabic Viscosity 
Viscosity is the resistance to shearing, stirring or flow of a liquid 
system.  It is increased by the thickening of the liquid phase in colloidal 
suspensions as a result of liquid absorption and consequent swelling of 
the dispersed colloid (Gliksman 1969). 
There are two systems characterizing the viscosity: Newtonian 
and non-Newtonian systems.  In the Newtonian system the shearing 
stress is directly proportional to the rate of shear and from that the 
viscosity is constant at any point.  In the non-Newtonian system, the 
viscosities are not constant but are dependent on the rate of shear; there 
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are many types of this behavior but only five of them are important in 
the food industry.  
These types include the Bingham plastic behavior that shows 
decreasing viscosity with an increasing rate of shear after exceeding the 
yield value;  pseudoplastic behavior, in which the substance flows 
more readily as it is stirred or sheared, and it shows a decreasing 
viscosity with an increasing rate of shear (measurment of this type is 
dependent on the rate of shear and temperature); and dilatant behavior, 
in which the materials show an increasing viscosity with an increasing 
rate of shear and often reach the point where the fluid becomes solid.  
All the above three types are independent of time. The other two types 
that are important in the food industry are the thixotropic and 
rheopetic behavior.  The thixotropic behavior is similar to the 
pseudoplastic, but the original viscosity is restored after a period of 
rest; and the rheopetic behavior is similar to the dilatant, but the 
original viscosity is restored after a period of rest.  The flow of these 
two types, contrary to the others is dependents on time (Gliksman 
1969). 
Anderson (1969) stated that viscosity is a factor involving the 
size and shape of the macro-molecule.  Although determination of the 
exact causes of degradation or loss of viscosity is often difficult, the 
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viscosities of hydrocolloid systems are affected by many factors                          
as reported by Ostwald (1922).  
Cleavage of molecular bonds, leads to molecular break down and 
low viscosity.  Many terms are used to represent viscosity, these 
include relative viscosity, specific viscosity, reduced viscosity, inherent 
viscosity and intrinsic viscosity, kinematic or dynamic viscosity (Siddig 
1996).  The definitions of these viscosity terms are given in Table 1. 
Gum arabic is unique in its solubility in water; it produces low 
viscous solutions at low concentrations (1-5%).  High viscosities are 
not obtained with gum arabic in spite of its high molecular weight until 
its concentration reaches 40–50%, and this is responsible of its stability 
and emulsion properties (Gilcksman 1969).  
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Table 1. List of viscosity symbols 
 
Notation Name Definition Unites 
η rel Relative viscosity η/ η  or t/t  
ηsp. Specific viscosity ηrel-1  
η red Reduced viscosity ηsp/c Ml/g mlg-1 
η I Inherent viscosity (ηred)/c Ml/g mlg-1 
{η} Intrinsic viscosity {ηsp/c} c=0 
or {ηi} 
Ml/g mlg-1 
Η Viscosity 
(Absolute viscosity) 
(Apparent viscosity)
Shear stress (í) 
divided by shear 
rate (Ý) from brook 
field viscometer 
Cps 
 
Where: 
η = viscosity of the sample 
η  = viscosity of the solvent 
C= concentration 
t = flow time in seconds for sample 
0            0    
0     
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t   = flow time in seconds for solvent 
 
 
Viscosity of gum arabic varies according to the type and variety 
of the gum itself, gum quality and purity, particle size, and the methods 
used in measurement.  In the following sections, the effect of some 
factors on viscosity will be discussed.   
Concentration 
The viscosity given by good quality gum arabic at 1% (w/v) 
concentration at 25 o C after 24 hours is approximately 100 cent poise 
(cps), while at 30% concentration the viscosity is about 1200 cps 
(Anderson and Weiping 1994).At concentrations below 40%, gum 
arabic solution exhibits Newtonian behavior.  At 40% and more, 
pseudoplastic characteristics are observed and viscosity decreases with 
increasing shearing stress (Taft and Mann 1987).  In solutions at very 
low concentrations viscosity follows Poiseuille,s law, which governs 
the flow of liquids through capillary tube (Kruyt and Tendeloo 1988).  
Temperature 
Inverse relationships were observed for temperature, viscosity 
and density of gum arabic solutions (Taft and Malm 1987). Moorjani 
and Narwani (1970) found that the viscosity of gum arabic solution 
0     
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could be increased by drying the gum over sulfuric acid or by heating 
the dry gum. Similar findings were obtained by Gabel,s (1990). 
 
Electrolytes 
The viscosity was found to decrease when the concentration of 
electrolyte was increased (Tendeloo 1991). Clark and Marin (1992) 
found that all electrolytes, even in dilute solutions, lowered the 
viscosity of gum arabic. The effect of salt addition depends on the 
particlular salt used.  
Valence of cations 
The viscosity of gum arabic was found to decrease when the 
valence of the cation is increased (Tendeloo 1991); the divalent cations 
reduce the viscosity compared to the monovalent.  Gliksman (1973) 
noted that the addition of calcium chloride lowered the viscosity of 
gum arabic solution, but increasing the concentration of the salt caused 
an increase in relative viscosity. 
pH-value 
Thomas and Murray (1969) indicated that the gum viscosity 
gradually changes between pH 5-10; they reported that maximum 
viscosity of gum arabic solution occurs at pH-value ranging between 
4.56 and 6.30.  However, maximum viscosity was found at pH 6-7 by 
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Taft and Mann (1987).  At pH 1-3 and 12-14 the viscosity is very low 
(Gliksman and Sand 1973; Mantel 1954). 
 
 
Ultra sound and light 
Industrial ultrasound breaks down the structure of colloidal 
systems, which lead to lower the viscosity of gum arabic solutions.  
Gum arabic solutions subject to the effect of ultrasound waves and 
piezoelectric vibrations were degraded by breaking down the molecular 
structure resulting in reduced molecular weight.  The reduction in 
molecular weight is slower below 30,000 g/mole and faster above 
150,000 g/mole; similar behavior was shown for the viscosity of gum 
arabic solutions.  More exposure of the gum solutions to vibration has 
been found to cause extensive degradation to monosaccharides.  Also 
reduction in the viscosity of gum arabic can be caused by the 
irradiation with ultra violet light (Glikcman and Sand 1973).  
 
The Viscosity of Arabic Acid and Its Derivatives 
The viscosity of the Arabic acid is lower than the viscosities of 
all its salt forms.  At low solution concentration the addition of 
monovalent metal ions was found to double the viscosity of the gum as 
compared to the viscosity of the raw gum, and more than triple the 
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viscosity of the free acid.  The addition of divalent ions decreases the 
viscosity of gum arabic (Mahmoud 1983).  
 
 
Monovalent ion increase the viscosity of gum by about 50% over that 
of the raw gum, divalent ions increase the viscosity by 14% over that of 
the raw gum at high solution concentration (Mahmoud 1983). 
pH has an important effect on gum Arabic acid salts viscosity.  
In pH <5 and >9.5 the viscosity of the monovalent ion arabates was 
reduced (Mahmoud 1983).  
 
Gum Arabic Applications 
A wide range of manufactured products use gum arabic. As an 
article involved in international trade, it was traced back in history for 
five thousand years to the time of the ancients Egyptians.  It is mostly 
used in different sectors of the food and non-food industry, due to the 
functional properties of gum arabic emulsification, protective coating 
action, adhesion, binding, stabilization and thickening /viscosity 
effects, good mouth feel characteristics and retardation of sugar 
crystallization, in addition to the gum solubility in water, and 
insolubility in alcohol.  And also for the physical properties of gum that 
it was colorless, tasteless solutions (Anderson Wang Weiping, 1994).  
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Food applications 
All gums have a thickening or viscosity producing effect when 
dispersed in a water medium, this property is the basis for their use as a 
binding, stabilizing and emulsifying agent in many foods, (Table 2). 
Gelling: A gel is a jelly-like mixture formed when the particles of 
colloid become relatively large.  There is an interplay between the 
viscosity and gelling characteristics of any specific gum, and these 
factors must be taken into consideration when these gums are used 
(Glicksman 1969). 
Emulsion: Emulsions are Liquids dispersed in liquids. The function of 
gum in preparation of oil in water emulsions type is to increase the 
viscosity of the aqueous phase by thickening it, so that the oil phase is 
slightly exceeds, and this was minimizes the coalesce of the dispersed 
phase, and hence the emulsion is stabilized (Glicksman 1969). 
Suspensions: Suspensions are solids dispersed in liquids. The water 
phase exhibits a critical minimum yeild value irrespective of the 
apparent viscosity, in this point permanent suspension can be obtained, 
and it can be produced by the selection of a hydrocolloid having the 
appropriate yield value (Meyer and Cohen 1959).  
Foam: Foams are formed when gases are dispersed in liquids. The 
stability of foam can be determined by measuring the changes of 
surface viscosity and elasticity (Davies 1961). 
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Stability: Comparison of the stability for two solutions becomes more 
valid if the solutions have equal viscosity rather than equal 
concentrations (Levy 1961). 
 
 
 
Table 2. Food Application of gum Arabic 
 
Application Function 
Coated sweets Coating filmforming 
Ghewing gum Protecting 
Chocolate centres Glazing 
Gum sweets Source of Fibre, binding 
Caramels Binding agent 
Fruits gellies/pastes/slices Gelling independent of suger 
Dairy dessert cream Milk thickening and non gelling 
Milk based solutions/wine Stabilisation and fibre 
Bakery Coating agent 
Salted snacks Adhesion of flavourings 
Food stuffs Moisture retention 
Meat flavoring Stabilizer and thickener 
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For the last 15 years, gum arabic price has been unacceptably 
high for the confectionery industry (Anderson 1994).  It was used 
because of its ability to prevent crystallization of sugar (Langwill 
1939); to control viscosity, retain moisture and improve thickness 
(Walder 1949).  Gum arabic acts as an emulsifier, a clarifying agent, 
foam stabilizer and particulate suspension in beverages.  It is added as a 
stabilizer and for glaze in bakery products; bread could be improved by 
adding small amounts of gum arabic for its comparatively low water 
absorption properties (Stemmer 1959).  Gum arabic is used as an 
emulsifier and fixative in flavor industry, to control texture and 
consistency, control viscosity and as stabilizer in dairy products.  It has 
especially important role in creating diet food (Walder 1949, Pyenson 
and Dahle 1938).   
Pharmaceutical application  
About 5% of all gum arabic is used in pharmaceutical 
application, mostly in suspending insoluble drugs by preventing the 
precipitation of heavy metals, in liquid petrolatum and cod liver oil 
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emulsions at 10% to 20% at the emulsion due to its emulsifying 
property.  It was also used in syrups and drops as a demulcent agent 
and as adhesive and binder (at 3% to 5%) in tablets (Osman 1993).  
Other applications 
Cosmetics: Gum arabic is used as stabilizer and emulsifier agent in 
cosmetics industries such as lotion, creams and powder compact.  
Lithography: 20% to 25% of gum arabic is use as a sensitizer protector 
in lithographic plates solution–in deep coatings.  Low viscosity grades 
should be used to ensure uniform flow over the plate surface and to 
avoid streaks.   
Textiles: Gum arabic is used at 0.2% to 0.5% in fabric; it is used as 
boding agent in finishing silkar rayon fabric. 
Miscellaneous: In crayon manufacture, paper making gum arabic insert 
by (2% to 5%), Ceramics (2% to 5%) as a binder on suspension agent 
as an adhesive.  
Inks: Gum arabic is used in inks at 2.5 % to 10% because of its 
excellent protective colloidal properties.  It is used for lampblack, ink 
sticks, soluble inks and water–color inks as a suspending agent.  It is 
also used in fabric, laundry marking inks, typographic inks and 
electrically conductive inks because of its emulsifying and viscosity 
properties (Weiping and Anderson 1994).  
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Gum Arabic Quality 
Serious consideration to the numerous factors that affects gum 
arabic physical and chemical properties – gum cost – constancy of cost 
– constancy of supply and composition –possibility of eventual 
replacement of the selected gum arabic by another.  There are two 
aspects to quality.  The first one is intrinsic, which is a reflection of the 
chemistry of gum arabic, while the other is determined by its treatment 
and handling subsequent to exudation from the tree. 
Intrinsic quality is determined genetically or environmentally.  
The quality varies according to genetic differences among species.  
Any species differs in a unique way in gum composition and properties 
from all other species (e.g. the difference between A. senegal and A. 
seyal).  Also, there are differences between varieties from the same 
subgenous (e.g. A. seyal var seyal and A. seyal var fistula).  
Environmentally, it is possible that gums from different natural 
populations of the same species and varity might have different 
chemical characteristic, according to the seasonal and geographical 
variations (Coppen 1990).  
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Chemical composition of gum, which produces the functional 
properties of gum arabic, has a great effect on gum quality.  Parameter 
such as solubility, viscosity, emulsifying ability, ash and heavy metals 
content, paleness of colour and dryness, are the most visible indicators 
of quality. 
Colour paleness is a desirable feature of gums and this appears to 
be one of the weaknesses of Sudanese Talha gum compared with 
Chadian Talha gum beside the presence of foreign matter.  Other 
factors involved in the trend, nowadays, is the absence of carcinogenic 
and teratogenic effects (Anderson 1976). 
Gum quality is affected by the tapping method, which depends 
on the experience of a farmer who does it, because it directly affects the 
form of gum nodules.  Also the way of picking from the tree can affect 
quality.  The gum must be picked after it is completely formed and 
relatively dry and must be collected in clean open basket; putting gum 
in plastic bags will increase the risk of mould formation and retards 
dryness. 
Mixing gum arabic with gums from other acacias will reduce its 
quality, this happens sometimes when different acacias are grown in 
the same area. 
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Chapter two 
Materials and Methods 
 
Gum Sample                                                                                                                        
Authentic samples of Acacia senegal var senegal and Acacia 
seyal var seyal in the form of nodules were collected from Kordofan 
and Gadarif area by Gum Arabic Company and Elobied Research 
Center during the production season of 2001.  
 
Sample Preparation 
The gum samples were prepared according to AOAC (1984) 
methods.  The samples were hand cleaned after being dried to remove 
any foreign particles.  Then they were ground by an electric grinder 
(mesh size No.10) and stored in clean, labeled plastic containers until 
used.   
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Analytical Methods 
Moisture content 
Moisture content was determined according to the FAO method 
(1990).  An empty crucible was dried in a Hotbox oven with fan at 
105oC for 30 minutes, and then cooled in a desicator and weighed using  
 
a four-decimal electronic balance.  Two grams of gum sample were 
weighed in the crucible and heated for 5 hours at 105oC, and then 
weighed again after cooling in a desciator.  The moisture content (MC) 
was calculated as the loss in weight after drying (AOAC 1984).  
               M2 - M3  
               M2 - M1 
Where: M1=weight of the empty crucible 
            M2= weight of the crucible and sample before drying 
            M3= weight of the crucible and sample after drying  
Total ash content 
Total ash content of gum samples were determined according to 
FAO method (1990).  An empty crucible was heated at 105oC in the 
oven, then cooled in a desciator and weighed.  Two grams of gum 
sample were weighed in the empty crucible and heated at 550oC for 6 
hours in a Carbolite Sheffiled Furnace until free from carbon, and then 
MC = 
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left to cool in a desciator and weighed.  The total ash content (TAC) 
was calculates as follows (AOAC 1984): 
W3 – W1 
W2 – W1 
Where: W1=weight of the empty crucible 
            W2= weight of the crucible and sample  
            W3= weight of the crucible and ash  
 
 
Specific optical rotation 
The specific optical rotation was determined using a 1% gum 
solution (dry-weight basis) which is passed through a No- 42 filter 
paper.  The measurements were done using an Optical Activity 
Polarimeter (Bellingham and Stanley Ltd) fitted with a sodium lamp 
and 20-cm long cell path.  The specific optical rotation (OR) for gum 
solution was calculated as follows: 
                          OR  = X × 100 
                                      C × L 
Where X =observed optical rotation  
           C = Concentration of the solution  
            L = Length of the polarimeter tube (in dm)  
pH-value 
pH-value was measured using a pH-meter calibrated by two 
buffer solutions of pH 4 and 7.  One percent aqueous solution of gum 
TAC = 
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was prepared and left to equalibrate for 10 minute at room temperature 
and then the pH was read directly; the readings were repeated three 
times and then averaged for each sample.   
 
Mineral content 
 Mineral content was determined using a Perkin Elmer (3110) 
Atomic Absorption Spectrometer.  One gram of dried gum was 
weighed and placed in a porcelain crucible, then placed in a cool muffle 
furnace and ashed at 550oc overnight.  The ash was cooled and 
dissolved in 5 ml of 20% hydrochloric acid.  The solution was warmed 
in a sand bath, to dissolve the ash, then filtered through an acid washed 
filter paper into a 50 ml volumetric flask.  The filter paper was washed 
and the solution was diluted to volume with deionized water and well 
mixed, then but in the Spectrometer cell to determine the absorption of 
the element and the observed reading was taken.  A standards  of the 
specific element were used for calibration curve. 
 
Arabic Acid Preparation 
Arabic acid was prepared by using a coloum chromatography 
method, a class column backed with an amberlite resin IR 120 H+ (a 
strong cation exchange resin).  In this method, the gum solution was 
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passed through the coloum in order to replace its cations by the 
hydrogen present in the resin.  A 25% (w/v) gum solution was prepared 
(on dry weight basis), using a four-decimal electronic balance, and 
dissolving the sample in in 100 ml distilled water using a magnetic 
stirrer (SM5).  The concentration of the solution was checked by using 
a Sugar refractometer.  After the sample was completely dissolved, the 
solution was left until it became free from air bubbles and insoluble 
matter before using.  Then the solution was passed slowly through the 
column; the collected eluent, having a pH ranging from 2.2 to 2.7, was 
Arabic acid. The coloum was regenerated again by washing with 1:5 
(HCL: water) followed by distilled water until it became free from 
chloride ions. 
 
Arabate Salts Preparation 
Arabate salts were prepared by ion exchange method using 
coloum chromatography, which was prepared by the above-mentioned 
procedure.  A solution of salt was prepared by dissolving a known 
amount of salt, which contains 2 gram of the cation (equal the total 
amount of potassium, calcium, magnesium and sodium cations in gum 
Arabic).  The salt solution was passed through the coloum until it was 
saturated by cation, followed by distilled water until it became free 
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from chloride ion.  A 25% Arabic acid solution was passed slowly 
through the coloum, the collected eluent was the arabate salt.  
Potassium chloride was used to prepare potassium arabate or 
potassium seyalate.  Sodium chloride, calcium chloride and magnesium 
chloride were used to prepare sodium arabate or seyalate, calcium 
arabate or seyalate, magnesium arabate or seyalate, respectively.  
 
 
 
 
Calculation of Cations Amount  
To determinate the amount of cations needed in the addition 
process, the amounts of cations reported by Anderson (1989) for 13 A. 
senegal gum samples collected between 1904 and 1989 (Appendix 
Table 1) were taken as base data.  The amounts given by Anderson 
were 256,000 µg per gram of ash, 237,000 µg per gram of ash, 38,000 
µg per gram of ash and 9,400 µg per gram of ash, for calcium, 
potassium, magnesium and sodium, respectively. 
Total of all cations = total of basic cations + total of other cations 
                               = 540400 + 557 = 540,957 µg/g ash 
% of basic cations = total of basic cations  
                                  total of all cations 
                              =  540400  
× 100 
× 100 =  99% 
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   540957  
% of other cations = total of other cations  
                                   total of all cations 
                           =  557  
                             540957  
 
Anderson (1989) reported an ash content of 3.7%; for A. senegal 
that means 100 g gum produce 3.7 g ash, and one gram produces 
0.037g of ash.  Total of basic cation µg/g gum = 540,400 × 0.037 = 
19994.8µ  g/g gum 
 
 
Method of Statistical Analysis 
Each sample was analyzed chemically and then averaged. The 
data were analyzed using the Statistical Analysis System (SAS) 
software pakage.  Analysis of variance and Duncan,s Multiple Range 
Test were used to study the significance at difference between locations 
and species in physical and chemical properties.  Simple linear 
regression analysis was used to study the relationship between gum 
viscosity and the amounts of added salts and cations.  
× 100 
× 100    =  1% 
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Chapter Three 
Results and Discussion 
Differences Between Locations 
A comparison between the physical and chemical properties of 
Acacia senegal gum from two locations (Kordofan and Gadarif) is 
shown in Table 3 and 4 Appendix 1 and 2.  There were no significant 
differences between the two locations in moisture content, ash content, 
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pH, optical rotation and calcium, potassium, sodium content of A. 
senegal.  Significant differences between the two locations were found 
in viscosity and magnesium content of A. senegal. 
The moisture content value of A. senegal (Table 3) from 
Kordofan (10.8%) and the Gadarif (10.1%) are within the range (10-
14%) presented by Karamalla (1965) and Ishag (1977).  
Ash value of 3% and 3.3% of A. senegal from Kordofan and 
Gadarif areas, respectively, (Table 3), are in agreement with the value 
of (3.1%) given by Anderson (1966) and Abd Elwahid (1998), and 
lower than the value (3.6%) reported by Salih (1998).  
The data presented in Table  3  show an optical rotation value of       
-34.5º and -34.8º for A. senegal from Kordofan and Gadarif,  
 
 
 
 
 
 
Table 3.  Effect of location on A. senegal gum properties 
 
Properties 
Location 
Ash content 
(%) 
PH-value Moisture 
content (%) 
Optical 
rotation 
Viscosity 
Kordofan 
 
3.00 A 4.33 A 10.84 A - 34.48 A 70.8 A 
Gadarif 
 
3.33 A 4.33 A 10.12 A - 34.80 A 70.2 B 
C.V. 
 
16.562 1.788 5.161 - 1.992 0.409 
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 Table 4. The effect of location on the mineral content of A. senegal    
               gum  
 
Location 
 
Calcium % Magnesium % Potassium % Sodium % 
Kordofan 
 
0.5 A 0.1 A 0.4 A 0.03 A 
Gadarif 
 
0.4 A  0.2 B 0.4 A 0.05 A 
 
 
 
 
 
respectively; these values are lower than the value (–27.6º) reported by 
Salih (1998). 
As noticed from Table 3 the pH value of 4.33 for A. senegal is 
slightly lower than value of 4.42 given by Ishag (1977) and Anderson 
(1990) and that (4.6) given by Wahbi (1994). 
The viscosity of A. senegal (Table 3) was 70.8 cps for Kordofan 
sample and 70.2 cps for Gadarif sample; these values are lower than 
those reported by Siddig (2003). 
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 The mineral content values for A. senegal from Kordofan and 
Gadarif are given in Tables 4.  Calcium and potassium elements 
constitute the major components followed by magnesium and sodium 
elements.  Calcium content for A. senegal from Kordofan and Gadarif 
samples was 0.5% and 0.4%, respectively.  These values are similar to 
those obtained by Alhassan (1994) and Wahbi (1998) and lower than 
those observed by Edris (1998) and Ismail (2000).   
  Acacia senegal had magnesium content values of 0.1% and 
0.2% from Kordofan and Gadarif, respectively.  These values are lower 
than the values reported by Alhassan (1994) and Ismail (2000), but 
closely related to the results of Edris (1998) and Wahbi (1998).  
 Potassium content for Acacia senegal from Kordofan and 
Gadarif was 0.4% which is lower than that given by Edris (1998), 
Wahbi (`1998) and Ismail (2000).   
  Sodium content values for A. senegal from Kordofan and Gadarif 
were 0.03% and 0.05%, respectively, and were higher than the values 
reported by Edris (1998), Wahbi (1998) and Ismail (2000).   
Comparisons between the physical and chemical properties of A. 
seyal from the two locations (Kordofan and Gadarif) are shown in 
Table 5 and 6 Appendix Table 3 and 4.  There were no significant 
differences between A. seyal samples from the two locations in 
moisture content, ash content, pH, optical rotation and calcium, 
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magnesium, sodium content.  Only potassium content and gum 
viscosity show significant differences between the two locations. 
The mean value of moisture content of A. seyal from Kordofan 
and Gadarif samples was 9.98% and 9.68%, respectively (Table 5).  
These values are less than the value of 10.5% given by Anderson 
(1966) and 10.78% presented by Salih (1998). 
The data shows that the average ash value was 1.7% and 2.1% 
for A. seyal from Kordofan and Gadarif samples, respectively (Table 
5).  These values are similar to the values reported by Mohamed 
(2000). 
The optical rotation values for A. seyal from Kordofan and 
Gadarif were  + 48.5º and +47.3º, respectively (Table 5).  These vales 
are comparable to the average value given by Salih (1998), and fall 
within the range (+39º to +60º) reported by Anderson (1986) and less  
 
 
 
 
 
 
Table 5.  Effect of location on A. seyal gum properties 
 
Properties 
Location 
Ash content 
(%) 
PH-value Moisture 
content (%) 
Optical 
rotation 
Viscosity 
Kordofan 
 
1.71 A 4.19 A  9.98 A + 48.50 A 71.2 B 
Gadarif 
 
2.08 A 4.19 A 9.68 A + 47.30 A 89.8 A 
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C.V. 
 
29.77 1.47 3.41 7.98 0.949 
 
 
 
 
 
 
 
 
 
 
    Table 6. The effect of location on the mineral content of A. seyal    
                   gum  
 
 
Location 
 
Calcium % Magnesium % Potassium % Sodium % 
Kordofan 
 
0.6 A 0.1 A 0.3 A 0.03 A 
Gadarif 
 
0.5 A 0.1 A 0.5 B 0.04 A 
 
 
 
 
than that given by Mohamed (2000).  Table 5 also shows that the mean 
value of pH of A. seyal from the two areas was 4.2.  This value is 
comparable to those reported by Ishag (1977) but lower than those 
reported by Anderson (1979) and Wahbi (1994).  The data presented in 
Table 5 show viscosity value of 71.2 and 89.8 cps for A. seyal from 
Kordofan and Gadarif, respectively. 
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 The mineral content values for A. seyal from Kordofan and 
Gadarif are given in Table 6.  In both species, calcium and potassium 
elements constitute the major components followed by magnesium and 
sodium elements. 
The values of calcium content were 0.6% and 0.5%, respectively.  
These values agree with those given by Wahbi (1998) and lower than 
those presented by Alhassan (1994). 
  Magnesium content of A. seyal had the same value in the two 
locations (0.1%), and it is comparable to that presented by Wahbi 
(1998) and higher than that given by Elhassan (1994). 
 The potassium content values were 0.3% and 0.5% for A. seyal 
from Kordofan and Gadarif, respectively; these values closely agree 
with the values presented by Wahbi (1998) and lower than those given 
by Alhassan (1994). 
 
 For A. seyal the values of sodium content were 0.03% and 0.04% 
for Kordofan and Gadrif, respectively; they are slightly higher than 
those obtained by Wahbi (1998) and lower than the value given by 
Alhassan (1994). 
The above results show that the location has no effect on the 
physical and chemical properties of A. senegal and A. seyal gum in 
spite of the great differences between the two locations in type of soil 
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and rainfall and other ecological factors.  The soil of Gadarif is dark, 
cracking clay, under rainfalls >500 mm, while that of Kordofan is sand 
under rainfalls of 280-450 mm. 
These results support the findings of Siddig (1996), who found 
no significant differences in these gum properties according to the soil 
types, rainfall and temperature.  The above results also confirm the 
findings of Ali (1996), who reported that the soil type (and time of 
picking) had no significant effect on ash content; however, he reported 
that difference in rainfall had a significant effect on ash content.  The 
same author in (1998) found that the ash content of gum from Gadarif 
(clay soil) was only slightly lower than that from Elobied (sand soil).  
The results of the present study are not in line with the findings of 
Anderson (1968), Abbasher (1989) and Mohammed (1989), who found 
that the ash content of gum from heavy clay soil (Kassala) was slightly 
higher than that from sandy soil (Umrauaba).   
The results of the present study agree with Anderson (1968) who 
concluded that gum samples from sandy soil have a higher viscosity 
than from clay soil.  However, Siddig (2003) found no significant 
differences between viscosity of gum from sand and clay soil.Abbasher 
(1989) reported that the specific rotation of clay soil (-31º to -35º) is 
larger than that of the sand soil (-22º to -30º). 
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Differences Between Species 
The effect of species on the physical and chemical properties of 
A. senegal and A. seyal from Kordofan area is shown in Tables 7 and 8 
Appendix Tables 5 and 6.  Significant differences were found between 
A. senegal and A. seyal samples in moisture content, ash content, pH, 
optical rotation and potassium content. No significant differences were 
found between species in viscosity and calcium, magnesium and  
sodium content. 
The effect of the species on the physical and chemical properties 
of A. senegal and A. seyal gum from Gadarif area is shown in Tables 9 
and 10 Appendix Tables 7 and 8.  Similar to the findings in Kordofan, 
there were significant differences between A. senegal and A. seyal 
samples in moisture content, ash content, pH, optical rotation, 
viscosity, and potassium content.  No significant differences are found 
in calcium, magnesium and sodium content.  In both locations A. 
senegal had higher ash content, pH-value and moisture content than  A. 
 
 
 
Table 7.  Effect of species on A. senegal gum properties from     
                Kordofan area 
 
Properties 
Location 
Ash content 
(%) 
PH-value Moisture 
content (%)
Optical 
rotation 
Viscosity 
A. senegal 
 
3.00 A 4.33 A 10.84 A - 34.48 A 70.8 A 
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A. seyal 
 
1.71 B 4.19 B 9.98 B + 48.50 B 71.2 A 
C.V. 
 
27.48 1.47 5.11 37.07 1.076 
 
 
 
 
 
 
 
 
 
 
      Table 8. The effect of species on the mineral content of A.      
                     senegal   gum  
 
 
Species Calcium % Magnesium % Potassium % Sodium % 
 
A. senegal 
 
0.5 A 0.1 A 0.4A 0.03 A 
A. seyal 
 
0.6 A 0.1 A 0.3 B 0.03 A 
 
 
 
 
 
 
 
 
 
Table 9.  Effect of species on A. seyal   gum properties from 
Gadarif area 
 
Properties 
Location 
Ash content 
(%) 
PH-value Moisture 
content (%)
Optical 
rotation 
Viscosity 
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A. senegal 
 
3.33 A 4.33 A 10.12 A - 34.80 A 70.2 B 
A. seyal 
 
2.08 B 4.19 B  9.68 B + 47.30 B 89.8 A 
C.V. 
 
15.42 1.80 3.53 46.17 0.361 
 
 
 
 
 
 
 
 
 
 
Table 10. The effect of species on the mineral content of A. seyal    
                   gum  
 
 
Species Calcium % Magnesium % Potassium % Sodium % 
A. senegal 
 
0.4 A 0.2 A 0.4 A 0.05 A 
A. seyal 
 
0.5 A 0.1 A 0.5 B 0.04 A 
 
 
 
 
 
seyal.  A. senegal had a negative optical rotation while A. seyal had a 
positive one. 
The above results indicate  that the species type has a clear effect 
on the physical and chemical properties of gum arabic.  They confirm 
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the findings of Wahbi (1998), who also found that A. senegal  and A. 
polycantha var camplyacantha  gum are more related in their physical 
and chemical properties, but they are different from Acacia seyal var 
seyal  and A. seyal var fistula, which are related in their properties.  
Anderson et al. (1968) reported negative optical rotation ranging 
between -27º to -30º for A. senegal and a positive value +59º for A. 
seyal.  The results of the present study are partially similar to the 
findings of Abd Elwahid (2000) in his study of the morphological 
classification and physico-chemical analysis of gum samples from 
thirteen Acacia spp.  He concluded that the two species have significant 
differences in ash content and optical rotation, but not in moisture 
content and pH.  Siddig (2003) found a variation in viscosity among 
samples from the two species.  Also, Ishag (1977) found no significant 
differences between the two species in pH.  On the other hand 
Anderson (1997) and Ishag (1977) showed that the moisture content is 
similar for the two species. 
 
The Effect of Salt Addition on Gum Arabic Viscosity 
 The viscosity behavior of 25% A. senegal and A. seyal gum 
solution with respect to the addition of monovalent and divalent salts 
has been investigated.  The results are shown in Figures 5-12 and 
Appendix Table 9-10.  Potassium chloride, sodium chloride, calcium 
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chloride and magnesium chloride were added at different amounts to A. 
senegal and A. seyal 25% gum solution. 
The regression equations indicate significant (P≤ 0.0357) and 
high proportion of the variation in viscosity and (R2  = 0.9909 to 
0.9984) for A. senegal.  However, for A. seyal the quadratic equations 
show a significantly higher proportion of the viscosity than the linear 
equations (P≤ 0.0199) and (R2 = 0.994 to 0.9961) when potassium, 
sodium, calcium and magnesium salts were added. 
  The addition of potassium chloride and calcium chloride to A. 
senegal gum solution (Figures 5 and 7) was found to cause a linear 
decrease in the viscosity with increasing salt concentration.  Also, a 
decrease in viscosity was obtained due to the addition of increased 
amounts of sodium chloride and magnesium chloride; however, the 
relationship followed a curvilinear quadratic polynomial trend (Figures 
6 and 8). 
For A. seyal, the addition of potassium chloride, sodium chloride 
calcium chloride and magnesium chloride gave a curvilinear reduction 
in viscosity with increasing salts concentration (Figures 9 to 12).  
Judging by the high value of the coefficient of determination (R2), it 
can be concluded that, for both species over 99% of the variation in 
gum viscosity was explaned by the variation in salt concentration. 
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 The results indicate that the salt addition decrease the viscosity 
of both A. senegal and A. seyal gum solutions.  The reduction of 
viscosity was more pronounced in A. seyal than in A. senegal.  As 
indicated by the higher values of regression coefficients (Appendix 
Tables 9 and 10).  The average rate of decrease in the viscosity of A. 
senegal gum was –2.7 cps, 0.3 cps, -3.2 cps and 0.34 cps due to the 
addition of one gram of potassium, sodium, calcium and magnesium 
salts, respectively. And for A. seyal were 2.2 cps, 4.7 cps, 3.2 cps and 
2.2 cps, respectively.  The above results are in line with the report of 
Tendeloo that the addition of electrolytes to 1% gum arabic solution 
decrease the viscosity, and the report of Clark and Mann, who found 
that all electrolytes even in dilute solutions lowered the viscosity of 
gum arabic. 
 The effect of salts on gum viscosity can be explained by the fact, 
that gum arabic is a negatively charged colloid and the addition of salts 
suppresses the charge and hence tend to decrease the viscosity.  
However, this effect depends upon the particular salt used as indicated 
by the different equations obtained for the various salts. 
 
 
 
 
 77
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
   
 
 
 
        
        
        
        
         
 78
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
   
 
 
 
        
        
        
        
        
        
        
         
 79
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
   
   
   
   
 
  
        
        
        
        
        
        
        
         
 80
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
   
   
   
   
The Effect of Cations Addition on Gum Viscosity 
The viscosity behavior of 25% Arabic acid and seyalic acid in 
response to the addition of potassium, sodium, calcium and magnesium 
 81
cations is illustrated in Figures 13-20.  The maximum amount of each 
of the added cations is equivalent to the total amount of the four cations 
present in the gum of Acacia senegal or Acacia seyal. 
 The relationship between the viscosity of Arabic acid (prepared 
from Acacia senegal) and the amount of cations added was studied by 
both simple, linear regression equations and polynomial quadratic 
equations  (Appendix Table 11).  The results show that the estimates of 
regression coefficients for viscosity of Arabic acid and amount of 
cations were significantly different from zero (p < 0.0031) for 
potassium, sodium and magnesium cations but not significant for 
calcium cation. 
 The selected equations with better fit that represent the viscosity 
behavior of Arabic acid prepared using A. senegal in response to the 
addition of cations is shown in Figures 13-16.  When increased 
amounts of potassium cation were added (Figure 13), the viscosity 
showed a curvilinear increase.  The addition of sodium cation gave a 
linear increase in viscosity, but lower viscosity values (Figure 14). 
 The addition of increased amounts of calcium cation to Arabic 
acid showed a proportional decrease in gum viscosity (Figure 15).  A 
decrease of a quadratic polynomial trend shape was obtained by the 
addition of magnesium cation ( Figure 16); the values of viscosity 
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given by the addition of magnesium cation were higher than those 
given by the addition of calcium cation. 
Judging by the values of the coefficient of determination (R2), a 
great amount of the variation in the viscosity of Arabic acid could be 
explained by the addition of increasing amounts of potassium, sodium, 
calcium and magnesium.  The values were, respectively, 99%, 97%, 
62% and 85%. 
The results of regression of the viscosity of seyalic acid 
(prepared from A. seyal) on the amounts of cations added is given in 
Appendix Table 12, and the trends with better fit are presented in 
Figures 17-20.  The study shows significant differences in estimates of 
regression coefficient from zero (p<0.0436) for the addition of 
increased amounts of potassium, sodium and calcium.   
 For seyalic acid, the addition of increased amounts of potassium 
cation resulted in a curvilinear increase in the viscosity (Figure 17).   
The results of the addition of sodium cation gave a linear increase in 
gum viscosity (Figure 18); however, the values were slightly lower than 
the values resulting from the addition of potassium cation. 
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 The results of the addition of increasing amounts of calcium 
cation to 25% seyalic acid solution, identify with the results of the 
addition of magnesium cation; however, the addition of the former gave 
a linear decrease and that of the later caused a curvilinear decrease in 
the viscosity (Figure 19-20).  The values of the viscosity resulted from 
the addition of calcium cation were lower than those given by the 
addition of magnesium cation. 
Apreciable amounts of the variation in viscosity were explained 
by the addition of cations.  About 85%, 80%, 96% and 78% of the 
variation in viscosity of seyalic acid could be explained by the variation 
in added amounts of potassium, sodium, calcium and magnesium, 
respectively. 
The average increase in viscosity in response to the addition of 
one gram of potassium and sodium cations was, respectively, 2.2 cps 
and 9 cps for Arabic acid and 4.4 cps and 5.2 cps for seyalic acid.  
Also, the average decrease in viscosity in response to the addition of 
one gram of calcium and magnesium cations was, respectively, -5.6 cps 
and -5.3 cps for Arabic acid and -1.4 cps and -4.7 cps for seyalic acid.           
 As noticed from the above results, the addition of monovalent 
cations increases the viscosity of both Arabic acid and seyalic acid, and  
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the addition of divalent cations decreases their viscosity.  These results 
agree with the findings of Glicksman and Sand (1973) and Mahmoud 
(1983) who found that divalent metal ions reduce the viscosity as 
compared to monovalent ions.  
The viscosity values of A. senegal gum arabic, Arabic acid, 
potassium arabate, sodium arabate, calcium arabate and magnesium 
arabate, in solution of 25% concentration, are shown in Figure 21.  The 
highest viscosity was given by potassium arabate followed by the 
viscosity of sodium arabate.  Arabic acid has a viscosity lower than that 
of gum arabic but higher than those of the two divalent arabates.  
Similar results were shown in Figure 22 for the viscosity of A. seyal 
gum, seyalic acid, potassium seyalate, sodium seyalate, calcium 
seyalate and magnesium seyalate 25% solution. 
 The percentage of change in A. senegal gum viscosity due to the 
addition of potassium, sodium, calcium and magnesium cations were 
found to be 20%, 19%, 12%, 18% for raw gum, and 27%, 26%, 7%, 
13% for free acid, respectively (Figure 23 and 24).  For A. seyal the 
addition of potassium and sodium cations increased the viscosity by 3% 
and 2%  for raw gum, and 15.3 and 14.5 for free acid, , respectively.  
The addition of calcium and magnesium cations decreased the viscosity 
by 22% and 18% for raw gum, and 13% and 8% for free acid, 
respectively (Figure 25 and 26). 
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For A. senegal and its free acid the percentage of change due to 
the addition of monovalent cations were higher than that of the A. seyal 
and its free acid, that contrast to the addition of divalent.  This 
observation must be explained with differences in chemical structre 
between these two gum.  
For A. seyal and its free acid, These results confirm the findings 
of Mahmoud (1983), who reported that monovlent arabates have higher 
viscosity than free acid and raw gum, but contradict with his result that 
the viscosity of free Arabic acid is lower than the viscosities of all its 
salt forms.  Also he found that the monovalent ions double the viscosity 
of the raw gum and more than triple the viscosity of the free acid at low 
solution concentrations (< 3%).  At high concentrations (>7.5), he 
reported that monovalent ions increase the viscosity of the solution by 
about 50% over that of the raw gum and divalent ions decrease the 
viscosity at low solution concentration, while an increase of 14% over 
that of the raw gum was observed at high solution concentration.  In the 
present study monovalent was found to increase the viscosity, and 
divalent decrease the viscosity of both raw gum and free acid for the 
two species.  But the percentage of increase or decrease was different 
from that obsearved by  Mahmoud (1983), that can probably be 
explained with differences in solution concentration or methodelogy of 
cations addition. 
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The effect of cations may be attributed to the shape and charge of 
the gum arabic molecule, which has a greet effect on the viscosity.  The 
constituent units of the gum arabic molecule are carboxyl group of the 
uronic acids distributed along the chain.  Monovalent cations link with 
the constituent units and decrease the average distance between the 
charge centers in the polymer chain. This gives a rod-like structure and 
extends the polymer chain, resulting in an increased viscosity. 
 Divalent cations decrease the coulombic repulsion between the 
charge centers. This gives a globular structure by coiling sup the 
polymer chain and hence causing a decrease in the viscosity. 
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Conclusion 
The obtained results indicate that: 
? Most of the physicochemical parameters agree with the values 
reported by the FAO/WHO (JECFA) specification for gum 
arabic. 
? Location has no significant effect on physical and chemical 
properties (moisture content, ash content, pH, optical rotation 
and mineral content) of A. senegal and A. seyal gum. 
? Species has a significant effect on physical and chemical 
properties (moisture content, ash content, pH, optical rotation 
and mineral content) of A. senegal and A. seyal gum. 
? The addition of salts causes a linear decease in the viscosity of A. 
senegal and A. seyal gum.  
? The addition of monovalent cations increases the viscosity of 
Arabic acid and seyalic acid, while the addition of divalent 
cations decreases the viscosity.  
? Potassium arabate has the highest viscosity followed by sodium 
arabate; Arabic acid have a viscosity lower than the gum but 
higher than calcium and magnesium arabate.  Similar results 
were obtained in A. seyal derivatives.  
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Appendix Table 9.  Results of regression analysis for the relationship 
between A. senegal gum viscosity and the added amount of salt 
 
 
Regression coefficient Probability Salt R2 b1 b2 b1 b2 
0.9945 -2.7381  0.0001  potassium 0.9947 - 2.5952 - 0.0529 0.0015 0.7377 
0.9959 - 2.9008  0.0001  sodium 0.9984 -3.5615 0.2447 0.0001 0.0357 
0.9909 -3.1627  0.0001  calcium 0.9943 - 4.002 0.3108 0.0005 0.1424 
0.9910 -2.6865  0.0001  magnesium 0.9966 -3.5972 0.3373 0.0001 0.0340 
 
 
 
 
 
 
 
 
 
Appendix Table 10.  Results of regression analysis for the relationship 
between A. seyal gum viscosity and the added amount of salt 
 
 
Regression coefficient Probability Salt R2 b1 b2 b1 b2 
0.9803 -11.393  0.0001  potassium 0.9940 -17.446 2.2421 0.0002 0.0199 
0.9463 -12.067  0.0001  sodium 0.9959 -24.692 4.6759 0.0001 0.0006 
0.9458 8.3175  0.0001  calcium 0.9950 -16.853 3.1614 0.0001 0.0009 
0.9802 -10.46  0.0001  magnesium 0.9958 -16.389 2.1958 0.0001 0.0077 
 
 
 
 
 
 
 
 
 
 110
 
 
Appendix Table 11.  Results of regression analysis for the relationship 
between senegalic acid viscosity and the added amount of cations 
 
 
Regression coefficient Probability Cation R2 b1 b2 b1 b2 
0.9252 6.3901  0.0005  potassium 0.9930 12.531 -2.1833 0.0004 0.0034 
0.9688 9.0006  0.0001  sodium 0.9839 8.1066 0.3179 0.2335 0.1238 
0.3410 -3.3469  0.1687  calcium 0.6220 -17.316 5.5875 0.1050 0.1597 
0.8510 -5.2594  0.0031  magnesium 0.9129 0.3669 -2.0005 0.7655 0.1670 
 
 
 
 
 
 
 
 
Appendix Table 12.  Results of regression analysis for the relationship 
between seyalic acid viscosity and the added amount of cations 
 
 
 
Regression coefficient Probability Cation R2 b1 b2 b1 b2 
0.5822 4.0457  0.0276  potassium 0.8474 16.354 - 4.3764 0.0123 0.0320 
0.8027 5.1554  0.0026  sodium 0.8324 9.6674 - 1.6043 0.1042 0.3892 
0.9666 - 6.024  0.0001  calcium 0.9863 -2.1754 -1.3684 0.2034 0.0436 
0.3849 - 2.9029  0.1008  magnesium 0.7840 -16.171 4.7177 0.0153 0.0288 
 
 
 
 
 
 
 
